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"A method of forming patterns" 

Claim 1 

A method of forming patterns being over a boundary of neighboring sub- 
fields which are divided from a main field constituting a semiconductor wafer, 
comprising; 

irradiating by first electron beam onto a pattern forming area of one 
* sub-field side from one side of said boundary; and 

irradiating by second electron beam of which exposure quantity is less than 
said first electron beam onto said pattern forming conjunction correcting area 
going to another sub-field side from another side of said boundary, 

wherein an exposure quantity of said pattern forming area of 'said one 
sub-field side and an exposure quantity of said pattern forming conjunction 
correcting area are equal so as to an exposure quantity of all of patterns forming 
areas. 



Field of the invention 

This invention is related a method of forming patterns applied at a boundary 
of two sub-fields. 



Background of the invention 

From line 13 of right column of page 1 to line 9 of lower left column of page 2 

In the method of forming patterns it is rarely to form one chip meaning 
one figure in one field' meaning a~main field. Usually many sub-fields should 
be conjoined. For example, as shown in Fig. 6 (A) at farmin g a pattern P (aluminum 
line) over two sub-fields SF1 and SF2 the pattern P is divided and formed in the 
two sub-fields SF1 and SF2. In that time it may be occurred that the pattern 
P is departed or overlapped at a boundary portion B. That is, a pattern PI is 
formed from a- side of the sub-field SF1 and a pattern P2 is formed from a side 
of the sub-field SF2, then the patterns PI and P2 are connected as shown in Fig. 6 
(B) . The patterns PI and P2 may be separated in irregular control of a beam 
deflection and the aluminum line may become cutted as shown Fig. 6 (C) . On the 
other hand, the patterns PI and P2 may be overlapped and the aluminum may be wasted 
as shown in Fig. 6 (D) . 

It is needed that the beam exposes equally at the boundary portion B and 
a predetermined pattern is formed accurately. 

Two conventional methods of forming patterns are shown in Fig. 5. One is 
producing a conjoining pattern Pe extended from the pattern PI as shown in Fig. 5 
(A). Another is producing a new pattern Po overlapping both patterns PI and P2 
as shown in Fig. 5 (B) . 

The two methods above described have an effect to bring a good conjunction. 
A little quantity, however, of the beam exposure increases for forming the patterns 
Pe or Po when the patterns PI and P2 are connected accurately. That is, a dose 
becomes over quantity. 

On the other hand, positions of the patterns PI and P2 may shift each other 
whether the correct exposure quantity was selected or not. For example, when 
the patterns PI and P2 in Fig. 5 (A) or (B) shift to vertical direction, A conjunction 
portion of the patterns PI and P2 becomes narrow as shown in Fig. 5 (C) or (D) . 

In that case, it is desirable and difficult that the conjunction pattern 
Po is formed in the middle of the patterns PI and P2 as shown in Fig. 5 (E) . 

Namely, the conventional methods cannot solve an accurate problem of the 
conjunction portion between two patterns at the. boundary of the sub-fields. 



Summary of the invention 

From line 12 of lower left column to line 12 of lower right column of page 2 

A purpose of the invention is that the two patterns will be connected 
accurately at the boundary of the sub-fields. 

The invention is described in claim 1 and shown in Fig. 1. A method of 
forming patterns being over a boundary of neighboring sub-fields comprises 
following steps. A main field MF constituting a semiconductor wafer is divided 
to a plurality of sub-fields SF1 and SF2 as shown in Fig. 1 (A). First electron 
beam irradiates onto a pattern forming area PI (or P2) of one sub-field SFl(or SF2) 
side from one side of said boundary potion B as shown in Fig. 1 (B) (or (C)). Second 
electron beam irradiates onto the boundary portion Pll(or P21) of which exposure 
quantity is less than said first electron beam onto said pattern PI (or P2) forming 
conjunction correcting area going to another sub-field SF2 (or SF1) side from 
another side of said boundary portion B as shown in Fig. 1 (B) (or (C)). Wherein 
an exposure quantity of said pattern forming area PI (or P2) of said one sub-field 
SFl(or SF2) side and an exposure quantity of said pattern forming conjunction 
correcting area Pll(or P21) are equal so as to an exposure quantity of all of 
patterns forming areas as shown in Fig. 1 (D) . 



Detailed description of the prefered embodimens 

From line 4 of upper left column to ; line 5 of upper left column of page 4 

Prefered embodiments of the invention will now be described with reference 
to the accompanying drawings. 

First embodiment is shown in Fig. 2 and second embodiment is shown in Fig. 3. 
An electron beam lithography system is shown in Fig. 4. 

First embodiment shown in Fig. 2 is a case of a pattern P laying over a boundary 
portion B of both two neighboring sub-fields SF1 and SF2. Second embodiment shown 
in Fig. 3 is a case of a pattern P laying over boundary portions B12, B13, B24 and 
B34 of four neighboring sub-fields SF1, SF2, SF3 and SF4. 

As shown in Fig. 4, in these embodiments a semiconductor wafer 6 is placed 
on a stage 7 and an electron beam 8 emitted from an electron source gun 1 irragiates 
onto sub-fields on the semiconductor wafer 6. 

An information of the pattern P laying over the boundary portions B or B12, 
B13, B24 and B34 is pre-stored in a memory of a pattern generator 10. For example, 
this information of a pattern PI in a sub-field SF1 in Fig. 2 (A) includes coordinates 
o f_star ± ing point (XI. Yl) and ending point (X2, Y2) and an irradiatingjtim e t 
j^j_ t . hfi ^ ftCt T ' rm beam between these poinl s^ Tt is saffle Way for con junction patte rns 
Pll and P21 and a pattern P2 in a sub-field SF2. a*, cjor^^Jr f**^ 

As instructed by a CPU 9 this information is inputted from the pattern 
generator 10 to a blanking unit through a D/A converter 11 and an amplifire 12. 

Therefore, a blanking operationv is cancelled and a voltage between 
electrodes becomes zero from the point (XI, Yl) to the point (X2, Y2) . For a 
pattern PI the electron beam irradiates at the time enough that an exposing quantity 
is in proportion to 1.0. Similarly for a pattern Pll the beam irradiates from 
the point (X2, Y2) to the point (X3, Y3) at an exposing quantity being 0. 5. For 
a pattern P21 the beam irradiates from the point (X3, Y3) to the point (X4, Y4) 
at an exposing quantity being 0. 5. For a pattern P2 the beam irradiates from 
the point (X4, Y4) to the point (X5, Y5) at an exposing quantity being 1. 0. 

On the other hand, the information is inputted to a deflection unit 4 through 
a control circuit 13, a D/A converter 14 and an amplifire 15. The electron beam 
8 goes through an upper slit plate 3 and a lower slit plate. 5 and is deflected 
corresponding to a served voltage. 

Fig. 2 (A) shows that conjunction patterns Pll and P21 do not overlap each 
other. Both length is 2a as shown in Fig. 2 (A). The patterns Pll and P21 are 
formed in a little narrow by irradiated in half quantity comparing with the patterns 
PI and P2. 

Fig. 2 (B) shows that a conjunction pattern Pll is formed over the pattern 
P2. The pattern P21 is in same way. Portions of the conjunction patterns Pll 



and P21 are formed in a little wide by irradiated in one half times quantity 
comparing with the patterns PI and P2. 

Fig. 2 (C) shows that the conjunction patterns Pll and P21 are shifted each 
other. In this case the exposure quantities become as shown in Fig. 2 (C). 

Fig. 3 (A) shows that one pattern P lays over four sub-fields SF1 through 
SF4. The pattern P is divided as shown in Fig. 3 (B) through (E) . An irradiating 
method of this case is same as the first embodiment such that all of exposure 
quantities become desired level. That is, when an exposure quantity of a pattern 
PI, P2, P3 or P4 at the side of each sub-field is 1, an exposure quantity of a 
conjunction pattern Pll, P12, P21, P22, P31, P32, P41 or P42 is 1/2. And an 
exposure quantity of a conjunction pattern P13, P23, P33 or P43 laying over four 
sub-fields is 1/4. 

Then exposure quantities of these patterns overlapping as shown in Fig. 3 
(A) become 1.0. 

The exposure quantities increase or decrease in case of considering 
proximity effects or heating effects by a time difference at irradiating. 

An advantage in this method is that a conjunction pattern effects conjoining 
with the patterns because the conjunction pattern moves in response to a slip of 
a conjunction portion, f Also, in case of departing or overlapping the patterns 
that effect will increase by irradiating a negative resist or a positive resist 
in a little overdose. 



Signs in Fig. 4 

l:an electron source gun, 2:a blanking unit, 3:an upper slit plate, 4:a deflection 
unit, 5 : a lower slit plate, 6: a semiconductor wafer, 7:a stage, 8 : an electron beam, 
9:a CPU, 10: a pattern generator, 11 :a D/A converter, 12: an amplif ire, 13: a control 
circuit, 14:a D/A converter, 15:an amplifire, a :moving directions of the stage 
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